ABSTRACT: Carcass characteristics, meat quality traits, and sensory attributes were evaluated in latefinishing barrows and gilts, weighing between 100 to 130 kg of BW, fed 0, 5, or 7.4 mg/kg of ractopamine hydrochloride (RAC) for the final 21 to 28 d before slaughter. Carcass data were collected from carcasses from barrows and gilts (n = 168), and all primal cuts from the right sides of these carcasses were fabricated to calculate primal yields as a percentage of the HCW. Subjective (National Pork Producers Council and Japanese) color, firmness, and marbling scores were determined on the LM of each loin and the semimembranosus muscle (SM) of the ham, whereas the moisture, extractable lipid, Warner-Bratzler shear force (WBSF), and trained sensory evaluations (juiciness, tenderness, and pork flavor) were measured on the LM samples only. Gilts produced heavier (P < 0.05) HCW than barrows, whereas feeding RAC increased (P < 0.05) HCW over pigs fed diets devoid of RAC. Carcasses from gilts also had greater (P < 0.02) primal cut and lean cut (P < 0.01) yields than barrows, and dietary inclusion of 5 mg/kg of RAC increased (P < 0.05) total boneless cut and lean cut yields when compared with carcass from pigs fed 0 or 7.4 mg/kg of RAC. Warner-Bratzler shear forces values were greater (P < 0.05) in the LM of gilts than barrows, but only juiciness scores were greater (P < 0.03) in LM chops from barrows than gilts. The LM from barrows had greater intramuscular lipid (P < 0.001) than the LM from gilts, and even though the LM from pigs fed 5 mg/kg of RAC had greater (P < 0.04) WBSF values than the LM from pigs fed 0 or 7.4 mg/kg of RAC, including RAC in the late-finishing diets for 21 or 28 d did not affect sensory panel rating or percentages of moisture and intramuscular lipid. In summary, addition of RAC in the late-finishing diet improved carcass and primal cut yields when it was fed at 5 and 7.4 mg/kg without altering pork quality traits regardless of whether RAC was fed for 21 or 28 d.
INTRODUCTION
Use of metabolic modifiers has become an important tool to improve animal performance due to the effects of these compounds in muscle and adipose tissue metabolism (NRC, 1994 , Mersmann, 1998 . Ractopamine hydrochloride (RAC; Elanco Animal Health, a division of Eli Lilly and Co., Greenfield, IN) is extensively used for growth enhancement in late finishing pigs in the United States. Animal performance, as measured by ADG and feed efficiency (G:F), is improved by the feeding of RAC to finishing pigs (Watkins et al., 1990; Stites et al., 1991; Armstrong et al., 2004) , and the concentration and feeding duration of RAC are key factors to maximizing animal performance. Maximum response to RAC is usually observed between 21 and 28 d of feeding, whereas ADG appears to decrease after 30 d of RAC feeding (Williams et al., 1994) .
Step-up and stepdown RAC feeding programs have also been shown to increase ADG and G:F (See et al., 2004) . Additionally, feeding finishing pigs RAC has been shown to increase trimmed weights of loins and hams, a strong indication of greater protein synthesis, deposition, or both in carcasses of pigs fed RAC (Stites et al., 1991; Uttaro et al., 1993) .
Because RAC is directly enhancing protein accretion (Bergen et al., 1989) and decreasing adipose tissue accretion rate (Mills et al., 1990) , any potential alterations in meat quality are an important issue; however, pork quality was not affected by feeding high RAC concentrations to finishing pigs (Carr et al., 2005a,b) . Most research has tested RAC inclusion concentrations in pigs weighing between 80 and 115 kg of BW, and Carcass, meat quality, and sensory characteristics of heavy body weight pigs fed ractopamine hydrochloride (Paylean)
little is known about the impact of feeding low concentrations (5 or 7.4 mg/kg) of RAC to heavy (100 to 130 kg of BW) pigs for the last 3 to 4 wk before slaughter. Thus, the objective of this study was to evaluate the effects of feeding 3 different concentrations of RAC for 2 feeding durations on carcass composition, pork quality, and cooked pork palatability of pork from heavy barrows and gilts.
MATERIALS AND METHODS
Experimental procedures during the live phase followed the guidelines stated in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1999) .
The experiment was carried out as a randomized complete block design in a factorial arrangement with 3 concentrations of RAC (0, 5, and 7.4 mg/kg), 2 duration periods (the final 21 or 28 d) and 2 sexes (barrows and gilts), and blocked by slaughter day (2 slaughter days). A total of 1,680 pig were fed RAC, and animals were penned in groups of 20 pigs per pen with a total n = 84 (pen = experimental unit) and 7 replicates for the 3-way interaction (RAC concentration × duration periods × sexes). Ractopamine was included in the late-finishing diet at the expense of corn in the basal (control) diet (Table 1) . Vitamins and minerals were formulated to meet or exceed the nutritional requirements of finishing pigs (NRC, 1998) .
For the carcass evaluation, before slaughter, the last 2 pigs from each of the 84 pens (a total of 168 pigs) were randomly sorted and tattooed to identify carcasses at the packing plant for carcass data collection by trained personnel from the University of Illinois. For evaluation of carcass characteristics and pork quality, individual carcass served as experimental unit with an n = 168 and 14 replicates for the 3-way interaction (RAC concentration × duration periods × sexes).
Animals were transported to a commercial packing plant for slaughter, and HCW, backfat depth, and LM depth were recorded before carcasses were chilled for 24 h, by packing plant personnel. Hot carcass weight, backfat depth, and LM depth was used to estimate lean percentage. Carcasses were fabricated 24 h after slaughter, and the ham, loin, belly, and shoulder from right carcass sides of the 168 identified carcasses were shipped to the Meat Science Laboratory of the University of Illinois for further fabrication.
Primals were cuts according to the National Association of Meat Purveyors (NAMP, 2007) . Hams (NAMP, 401A), skin-on loins (NAMP, 410), bellies (NAMP, 408), and shoulders (NAMP, 403) from 168 pigs were shipped to the Meat Science Laboratory of the University of Illinois. Whole skinned and trimmed ham (NAMP, 402A) weights were recorded. Outside, inside, knuckle (NAMP, 402G), and light butt weights were recorded from the ham. Spareribs (NAMP, 416) were removed from the bellies and weighed. Bellies were weighed and squared (removing flank and teat line); however, results of belly yield and belly and bacon quality are discussed by Scramlin et al. (2008) . Loins (NAMP, 410) were skinned, trimmed, and weighed before further processing into Canadian back (NAMP, 414), tenderloin (NAMP, 415), and sirloin. Whole shoulder (NAMP, 403) weights were recorded. Neck-bones and clear plate were removed and weighed. Bone-in (NAMP, 405) and boneless (NAMP, 405A) picnics, and bone-in (NAMP, 406) , and boneless Boston butts (NAMP, 406A) were weighed. Weights of primal and subprimal cuts were expressed as a percentage of HCW.
Loins were cut at the 10th rib for evaluation. Loins and hams were evaluated for standard meat quality traits (pH, subjective and objective color, firmness, and marbling at 2°C and after 15 min to allow muscles to bloom) at the University of Illinois Meat Science Laboratory. Ultimate pH measurements were recorded with a pH-STAR (SFK Technologies Inc., Cedar Rapids, IA) on the cut surface of the LM and the lightest portion of the semimembranosus (SM). Instrumental color (L*, a*, and b*) values were obtained on the LM and SM using a Minolta Chromameter (CR-300; Minolta Camera Co., Osaka, Japan) with illuminant D65 and a 0° observer. Subjective color, marbling (NPPC, 1999) , and firmness (NPPC, 1991) , as well as Japanese color scores (JCS; Nakai et al., 1975) were appraised on the cut surface of the LM from the loins and on the lightest portion of the SM from the ham. A 2.54-cm-loin chop was collected to determine moisture percentage (AOAC, 1995) and extractable lipid percentage (Novakofski et al., 1989) . Paylean was added to the basal diet at the expense of ground corn.
Two 2.54-cm-thick loin chops were collected, vacuum packaged, and frozen for further Warner-Bratzler shear force values (WBSF) and trained sensory panel evaluation. Chops collected for WBSF values and trained sensory panel were thawed and cooked as described by Holmer et al. (2008) . Briefly, chops were cooked on one side up to an internal temperature of 35°C and then were flipped over and cooked up to a final internal temperature of 70°C. Shear force was evaluated after a 10-d aging period, using a Texture Analyzer TA.HD Plus (Texture Technologies Corp., Scarsdale, NY/Stable Microsystems, Godalming, UK). For sensory evaluation, 6 trained panelists performed the sensory evaluation of chops (2 sessions of 6 samples each were evaluated, for a total of 12 samples per day, during 14 d) for juiciness, tenderness, and pork flavor. Water was provided to the panelists between sample evaluations. Scores were measured on a 15-cm anchored unstructured line scale, where 0 = extremely dry, tough, and no off-flavor and 15 = extremely juicy, tender, and off-flavor as described by Carr et al. (2005a) .
Statistical analysis was performed using the MIXED models procedures (SAS Inst., Inc., Cary, NC) with a model including RAC concentration, RAC duration, sex, and their interactions using slaughter day as blocking criteria (random variable). The design for carcass evaluation included a total of n = 168 (individual carcass = experimental unit) and 14 replicates for the 3-way interaction (RAC concentration × duration periods × sexes). Least squares means were separated using the probability of difference option (PDIFF), and statistical differences were declared at P < 0.05 level.
RESULTS AND DISCUSSION
Although HCW was greater in gilts (P < 0.01) compared with barrows (Table 2) , this heavier carcass weight for gilts likely resulted from the selection process for the carcass cut pigs and was not due to responsiveness to RAC. Gilts were not heavier than barrows for the remaining pigs in the study, just the 168 chosen for the detailed cut test and meat quality analysis. Backfat depth was decreased (P < 0.01) and LM depth increased (P < 0.01) in carcasses from gilts when compared with carcasses from barrows. Dunshea et al. (1993) observed less backfat depth in gilts vs. barrows, which agrees with results of the present study; however, LM depth was greater in barrows than gilts.
Hot carcass weight was greater (P < 0.05) in RACfed pigs compared with control pigs; however, neither backfat nor muscle depth was affected by dietary inclusion of RAC (Table 3) . Xiong et al. (2006) reported similar HCW when pigs were fed 20 mg/kg of RAC, but Carr et al. (2005a) noted a linear increase in HCW with increasing RAC concentration (0, 10, and 20 mg/ kg). Adeola et al. (1990) reported increased HCW and LM depth by feeding RAC, even though backfat depth was unaffected by RAC; however, Mimbs et al. (2005) observed a decrease in backfat deposition with 10 mg/ kg of RAC for 5 wk of feeding. The lack of RAC effect on backfat and LM depths in the present experiment was likely a response to differences in RAC concentrations, duration, or both. Conversely, Williams et al. (1994) reported a decreased backfat depth when finishing pigs were fed high RAC concentrations at different Color measurements from palest portion of inside surface of semimembranosus.
Fernández-Dueñas et al. ME levels. Also, Mills et al. (1990) observed that lipogenic rate was decreased only when finishing pigs were fed RAC at greater concentrations (20 mg/kg). Ractopamine feeding duration did not affect (P > 0.20) any of the carcass yield, meat quality, or sensory assessment. See et al. (2004) and reported improved live pig performance after feeding RAC for 28 d. The lack of an effect of duration of RAC-feeding on any measure of carcass composition, pork quality, or cooked pork palatability may be a response to the decreased RAC concentrations used in the present experiment.
With the exception that the LM and SM pH from barrows were statistically greater (P < 0.01) than the LM and SM pH from gilts, there were no differences (P > 0.35) between sexes for marbling, firmness, or visual and instrumental color of the LM and SM (Table 2) . Although the LM from pigs fed 5 and 7.4 mg/kg of RAC had decreased (P < 0.05) Minolta b* values than the LM from pigs fed 0 mg/kg of RAC, other measures of LM pork quality were not altered (P > 0.20) by the inclusion of RAC in the late-finishing diets of pigs. Additionally, pH, JCS, and L* and a* values of the SM were not affected (P > 0.23) by dietary RAC, even though the SM from pigs fed 5 mg/kg of RAC had decreased (P < 0.05) Minolta b* values than the SM from pigs fed the diet devoid of RAC (Table 3) . A decrease in b* values in response to feeding a high RAC concentrations (10 and 20 mg/kg) has been previously reported by number of researchers (Uttaro et al., 1993; Carr et al., 2005a,b) . Moreover, pork quality results from the present study were contrary to those of , where RAC did not alter b* values, but the LM from RAC-fed pigs was lighter (greater L* values) and redder (greater a* values) when compared with the LM of pigs fed finishing diet formulated without RAC. They also demonstrated that marbling scores were reduced after 27 d of RAC consumption, and NPPC (1999) and JCS were decreased after 20 d of feeding 20 mg/kg of RAC ).
Duration of RAC-feeding failed (P > 0.20) to alter any pork quality trait measured in the current experiment. Conversely, Armstrong et al. (2004) found that dietary inclusion of RAC in swine finishing diets increased Minolta L* and a* values after 20 d at 20 mg/ kg. Again, the reduced concentrations of RAC administration in our study may account for the lack of duration effect.
The 3-way interaction of RAC concentration, duration, and sex was significant (P < 0.02) for whole loin weights. Gilts fed RAC at 5 mg/kg for the final 21 d had lighter loins than those fed 0 or 7.4 mg/kg RAC, whereas the same response was observed for barrows at the same RAC concentration after 28 d (data not presented). Despite the 3-way interaction that could be due to the way in which animals were selected, the numerical difference between the heavy and the light whole loin weight was 1 kg. However, interactions be- Paylean on meat quality of pigs tween sex and RAC, sex and duration, and duration and RAC were not significant (P > 0.20).
Overall in this study, cutting yields were increased in gilts, which may be due to the greater HCW in gilts than in barrows. With the exception that the percentage of the whole shoulder was not different (P > 0.30) by sex effect, yields of trimmed and boneless loins, whole, skinned, and boneless hams, and carcass boneless primal and lean cut yields were greater (P < 0.05) than barrows (Table 4) .
Whole loin percentage was greater (P < 0.05) in carcasses of pigs fed 5 than 7.4 mg/kg of RAC, but percentages of whole loin did not differ (P > 0.05) between RAC-fed pigs and pigs fed the diet devoid of RAC (Table 5) . Conversely, trimmed and boneless loin yields did not differ among RAC concentrations, which contradicts the results reported by Crome et al. (1996) and Carr et al. (2005a) , where loin yields were greater in carcasses of pigs finished on diets formulated with 10 or 20 mg/kg of RAC. Whole, skinned, and boneless ham as a percentage of HCW did not differ (P > 0.05) between RAC-fed pigs and pigs devoid of RAC (Table  5 ). This is similar to the results reported by Adeola et al. (1990) , who found no response in ham weight when pigs were fed RAC at 17% dietary CP. However, Crome et al. (1996) and Carr et al. (2005a) demonstrated a linear increase in absolute ham weight and ham as a percentage of HCW with increasing concentrations of RAC. Although whole shoulder yields were not affected (P > 0.05) by dietary inclusion concentration of RAC, the percentages of boneless shoulder, boneless cuts, and total lean cuts were greater (P < 0.05) in carcasses from pigs fed 5 mg/kg of RAC when compared with carcasses of pigs fed 0 mg/kg of RAC (Table 5 ). Increased picnic and Boston butt weights in response to feeding RAC have been previously reported (Adeola et al., 1990; Crome et al., 1996; Carr et al., 2005a) ; however, these studies used greater concentrations of RAC than those used in the present trial.
Shear force values were greater (P < 0.01) in the LM of gilts than barrows; however, sensory panel evaluation did not showed differences in tenderness (P > (Table 6 ). Moreover, the LM from gilts had more (P < 0.01) intramuscular lipid than LM of barrows, which may partially explain the greater (P < 0.03) juiciness rations assigned to the LM of gilts than barrows by trained sensory panelists. Stoller et al. (2003) reported similar WBSF values and sensory panel juiciness scores for the LM between barrows and gilts, but the LM from barrows was rated more tender than that from gilts by trained panelists. In addition, they noted that the percentage or intramuscular lipid was less in the LM from the gilts than barrows (Stoller et al., 2003) , which concurs with the results of the present study.
Even though WBSF values were greater (P < 0.04) in pigs fed 5 than 0 or 7.4 mg/kg of RAC, sensory panelists failed (P > 0.25) to detect an effect of RACfeeding concentration or duration on cooked pork palatability (Table 7) . These results are in agreement with the WBSF reported previously by Carr et al. (2005a,b) ; however, results of present study disagree with the results reported of Stoller et al. (2003) , who did not find an effect of RAC on WBSF values or sensory panel ratings for juiciness, tenderness, and pork flavor. Xiong et al. (2006) reported that pork from pigs fed RAC at 20 mg/kg required longer postmortem aging durations to produce WBSF and sensory panel tenderness scores comparable with pork from pigs fed RAC at 0 mg/kg.
Sex differences in carcass measurements and primal cuts yields were largely attributable to the way pigs were selected for carcass evaluation, resulting in heavier HCW from gilts when compared with carcasses from barrows. In general, pork quality was not affected by feeding 5 or 7.4 mg/kg of RAC, nor did the duration of RAC feeding affect carcass composition, pork quality, or cooked pork palatability. Inclusion of 5 or 7.4 mg/ kg of RAC in the late-finishing diet may not have been sufficient to increase the magnitude of change from 21 to 28 d of feeding before slaughter In conclusion, improvements in carcass merit can be achieved when heavy BW pigs are fed RAC at 5 and 7.4 mg/kg for the final 21 or 28 d before slaughter. Positive effects in boneless cut yield and lean cut yield were observed in this trial for both RAC concentrations. Benefits obtained by using RAC were evident in loin and ham; however, the shoulder was not affected. Pork quality of the LM from the loin and SM from the ham were not affected by RAC concentration during the experiment, and although WBSF values were statistically greater in pigs fed 5 mg/kg of RAC, palatabil- Flavor score: 1 = no pork flavor and 15 = intense pork flavor. Within a row, means with different superscripts differ (P < 0.05). 1 Tenderness score: 1 = very tough and 15 = very tender. 2 Juiciness score: 1 = very dry and 15 = very juicy. 3 Flavor score: 1 = no pork flavor and 15 = intense pork flavor.
